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(57) Abstract " 

A culture medium for avian totipotents] embryonic cells comprising an avian cell culture medium is disclosed. The culture medium 
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from the group which comprises cytokines, fibroblast growth factors, insulin-like growth factors and stem ceil growth factors, and in that it 
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(57) Abrege- 

La prfsente invention conceme un milieu de culture de cellules embryonnaires totipotentes aviaires du type comportant un milieu de 
culture pour cellules aviaires, caract6ris6 en ce qu'il comporte des 616ments compltmentaires dudit milieu de culture pour cellules aviaires, 
lesdits dements complementaires 6tant choisis dans le groupe comprenant* les cytokines, les facteurs de croissance des fibroblastes, les 
facteurs de croissance analogues de Tinsuline, les facteurs de croissance des cellules souches, et en ce qu'il est substanuellement dCpourvu 
d'acide rttinolque acuf. Elle conceme dgalement un proc6d6 de culture de cellules embryonnaires totipotentes aviaires et les produits 
pouvant etre obtenus par ce proceVid. 
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MILIEU DE CULTURE DE CELLULES EMBRYONNAIRES TOTIPOTENTES AVI AIRES, 
DEPOURVU D' AC IDE RETINOIQUE ACTIF 



5 La presente invention se rapporte k Tobtention de cellules ES 

d'oiseau, en particulier & un proc£d6 de culture et & un milieu permettant 
la culture de ces cellules. 

En effet, dans le cadre de la mise au point de technique de 
production de proteines recombinantes, le developpement d'une technique 
10 de transgenfese chez les oiseaux domestiques aura des retombees 
economiques extremement importantes dans deux applications majeures: 

- 1. le developpement de souches aviaires presentant des caracteres 
genetiques determines (resistance a certaines maladies, performances de 
croissance, etc) 

15 - 2. le developpement de systemes de production de proteines 

recombinantes dans l'albumen de 1'oeuf. 

L'industrie biotechnologique s'interesse de plus en plus a la 

possibility de produire des proteines d'interet dans des fluides biologiques 

ou des organismes (sang, lait, plantcs, ...). La production de telles proteines 
20 dans Poeuf d'oiseau domcstique constituera certaincment dans cetie voie 

une avancee technologiquc majeure pour plusicurs raisons: 

- de nombreuscs proteines dc mammifcrcs nc pcuvent etre 
produitcs en systeme mammifere car leur surabondance dans ces 
organismes presente des effets deleteres (excmplc: rerythropoietine qui 

25 chez le lapin induit des hyperglobulincmies pathologiques). Beaucoup de 
ces prolines d'interet ne presentent pas d'activite croisee avec celles des 
oiseaux, autorisant ainsi leur surproduction dans un organisme ayiaire 
sans effet pathologique majeur; 

- il est tres vraisemblablc que la commercialisation de proteines 
30 recombinantes produitcs chez des mammifcrcs sc hcurtera a des 

problemes sanitaires lies a la presence chez cette especes d'organismes 
latents potentiellement pathogencs pour I'liomme (lentivirus, prions,...). 
Ce risque est tres minime, pour ne pas dire quasiment inexistant, pour des 
agents pathogenes des oiseaux domestiques; 

35 
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• Toeuf constitue un "tissu" tres dense en un petit norabre de 
proteines. Par exemple la proteine majeure de 1'oeuf d'oiseau, I'ovalbumine 
represente 54 % des proteines du blanc d'oeuf, soit un poids sec moyen par 
oeuf de 2 grammes de matiere seche environ. On peut raisonablement 
5 imaginer produire par oeuf au moins 10% de cette masse en proteine 
recombinants La rentabilite economique apparait xrts grande si Ton 
consid6re qu'une poule pond en moyenne 2 ocufs toils les trois jours, et 
cette rentabilite apparait tres superieure a celie de grands mammiferes si 
Ton considere les couts d'elevage bien moindres des oiseaux domestiques. 

10 La realisation d'oiseaux transgeniques est possible actuellement 

avec un cout extremement eleve & cause de sa tres faible efficacite. En 
effet chez les oiseaux la technique de microinjection d'ADN dans Toeuf est 
quasiment impossible. D'autre part Tutilisation du systeme des retrovirus 
vecteurs, le seul syteme efficace a ce jour, reste complexe et se heurtera 

15 certainement a une reticence de la part des industriels pour des raisons 
sanitaires. 

Une avancee tres importante a la realisation d'animaux 
transgeniques a ete apportee chez la souris par lc developpement de la 
technologie des cellules ES. 

20 Les cellules ES (pour Embryonic Stem cells) sont des cellules 

embryonnaires totipotcntes- capablcs de regenercr tous les tissus de 
Tembryon, y compris lc tissu germinal, aprcs lcur injection dans des 
embryons tres precoccs. Ccs cellules pcuvent done etre considerees comme 
des chevaux de Troic pour introduire dc nouvclles informations 

25 genetiques dans le patrimoine genetique d'un animal. La possibilite de 
cultiver ces cellules a long terme in vitro, offrc la possibilite d'exercer de 
nombreux controles avant leur implantation in vivo. D'autre part ces 
cellules peuvent etre conservees de facon illimitee dans ] 'azote liquide, ce 
qui constitue une possibilite de stockage d'un patrimoine genetique. 

30 L'utilisation de cellules ES constitue aujourdhui chez les oiseaux 

domestiques la voie la plus promettcuse pour la realisation efficace 
d'animaux transgeniques. 
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Des travaux recents (Tun groupe canadien (R. Etches a la station de 
Guelph) ont suggere que des cellules ES doivent exister dans Tembryon 
d'oiseau (Petitte et al M 1990). Ce groupe & reussi la transplantation de telles 
cellules dans des embryons, et par suite, la production d'animaux dont le 
5 patrimoine genetique est derive des cellules greffees* Cependant a ce jour 
la culture de ces cellules in vitro n'a pas pu etre reussie ; par consequent 
ces cellules n'ont pas pu etre utilisees pour transferer de fagon stable un 
transgene. C'est la un blocagc majeur a Sexploitation de la technologie des 
cellules ES chez les oiseaux. Les cellules ES peuvent etre caracterisees par 
10 trois types de criteres essentiels : 

- morphologie 

- activite phosphatase alcaline endogene 

- reaction avec des anticorps specifiques d'un etat de lotipotence (ECMA-7, 
SSEA-1 et SSEA-3 notamment). 

15 Aucune culture de cellules ES identifiees par Pensemble de ces 

caracteristiques n'a pu etre obienue a ce jour. 

C'est pourquoi la presente invention a pour objet un milieu de 
culture de cellules embryonnaires totipotentes aviaires du type 
comportant un milieu de culture pour cellules aviaires, caracterise en ce 

20 qu'il comporte des elements complementaires dudit milieu de culture pour 
cellules aviaires, lesdits elements complementaires etani choisis dans lc 
groupe comprenam : les cytokines, les facteurs de croissancc des 
fibroblastes, les facteurs de croissancc analogue de I'insulinc, les facteurs 
de croissance des cellules souches, 

25 et en ce qu'il est substantiellement depourvu d'acide retinoique actif. 

De maniere avantageuse, Tacide retinoique est substantiellement 
inactive par des anticorps anti-acide retinoique (ARMA) presents dans le 
milieu. 

En effet, les milieux employes contiennent souvent du serum, dont 
30 on ne peut contrdler la quantite endogene d'acide retinoique. En testant 
l'effet de Incorporation au milieu de culture d'un anticorps monoclonal 
anti-acide retinoique qui neutraliserait Taction de ce dernier, sur la 
differenciation des cellules, la Demanderesse a constate que la presence de 
cet anticorps accroit la presence dans les cultures de cellules et colonies a 
35 activite phosphatase alcaline. 
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La cytokine peut notamment etre choisie parmi le UF, IL-11, IL-6, 
CNTF et oncostatine M (OSM) ; de maniere avantageuse les cytokines 
presentes dans le milieu de culture decrit precedemment, comprennent au 
moins une cytokine choisie dans le groupe constitue de UF, IL-11, IL-6, et 
5 leurs differents melanges, qui donnent les meilleurs rSsultats de 
stimulation de croissance. 

De preference, le facteur de croissance des fibroblastes est le b- FGF 
(ou basic Fibroblast Growth Factor) et le facteur de croissance analogue de 
l'insuline est i'IFG-1. 
10 Le facteur. de croissance des cellules souches (ou SCF) est de 

preference Ta-SCF (ou avian Stem Cell Factor) et le m-SCF (ou murine Stem 
Cell Factor). 

L'un des aspects preferes de l'invention concernc un milieu dc 
culture qui contiem, outre les elements nutritifs de base necessaires a la 

15 croissance de cellules, une combinaison de b-FGF, SCF et LIF. En outre, la 
presence dans le milieu d'un anticorps monoclonal ncutralisant I'activite 
de differentiation exercee par l'acide retinoiquc augmente le nombre de 
cellules souches embryogenes totipotentes. 

La presence d'un tapis de cellules nourricieres favorise la 

20 croissance de cellules ES aviaircs. Divers types de cellules connues de 
I'homme du metier peuvent-etrc utilisees ; on pcut citcr en particulicr des 
cellules telles que les cellules STO, traitees a la mitomycine ou irradiees, les 
cellules BRL-3A, les cellules LMH, les cellules QJ6 et cellules QJ6 modifiees 
telles que les cellules QT6 Isolde, les cellules differenciees etablies en 

25 lignee a partir des cultures de cellules souches cmbryonnaires induites a 
differencier. 

Les cellules STO sont des fibroblastes d'embryons de souris 
(catalogue ATCC) ; les cellules BRL-3A (catalogue ATCC) sont des cellules de 
foie de "Buffalo rat liver". Les cellules QJ6 (catalogue ATCC) et cellules QT6 
30 modifiees telles que les cellules QT6 Isolde sont des fibroblastes de caille 
(Cosset et col., 1990, J. Virol. 64, 10170-1078) et les cellules LMH 
proviennent de carcinomc de foie de poulet (Kawagucchi et col., 1987, 
Cancer Res., 47, 4460-4464). 

Le milieu de culture contient en outre differents elements nutritifs 
35 essentiels et des antibiotiques. 
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15 



Un milieu de culture particulterement adapte a la presente 
invention possfcde la composition suivante : 
BHK-21 



Serum foetal de bovin 
Serum de poulet 
Conalbumine 

Acides" amines non essentiels 
Pyruvate de sodium 
Nucleosides stock 
Hepes(lM) 
p-mercaptoethanol 
Penicilline 
Streptomycine 
Gentamycine 



Additifs: 



10% 
2% 

20 ng/ml 
1% 
1 mM 
1% 

10 mM 
0,2 mM 
100 U/ml 
100 yg/ml 
10 ng/ml 



Final 



20 



25 



30 



bFGF 
a-SCF 
IGF-1 
LI F 



IL-6 
IL-11 



de 1 a 20 ng/ml 

de 0,5% a 2% vol/vol 

de 5 a 50 ng/ml 

de 1000 a 5000 U/ml de forme purificc soit environ de 0,1% a 
2% vol/vol de surnagcant dc culture de cellules COS 
transfectees 

de 5 a 50 ng/ml (environ de 0, 1% a 2% vol/vol de surnageant 
de culture de cellules COS transfectees) 
de 5 a 50 ng/ml (environ de 0,1% a 2% vol/vol de surnageant 
de culture de cellules COS transfectees) 



De maniere avantagcuse la concentration en bFGF est supcrieure a 5 
mg/ml et la concentration cn IGF-1 esi supcrieure a 10 ng/ml. 
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avec le stock de nucleosides constitue du melange : 
adenosine 80 mg 
guanosine 85 mg 
5 cytidine 73 mg 
uridine 73 mg 
thymidine 24 mg 
H 2 0 100 ml 

et SN de Cos representant un surnageant de culture de cellules COS-7 
10 transfectees en expression transitoire avec un vecteur d'expression du 
cDNA du facteur considere, 

et convient ii la culture de cellules embryonnaires totipotentes d'oiseau. 

Le milieu BHK21 (ou milieu MEM) est un milieu de culture qui a ete 
decrit notamment par Mc Pherson, L, et Stoker (1962, Virology 16, 147). 
15 Hepes est de Thydroxy-ethyl-piperazine-ethane-sulfonate. 

Selon un autre aspect, ('invention a pour objet un procede de 
culture de cellules embryonnaires totipotents aviaires (ou cellules ES 
aviaires), caracterise en ce que : 

a) on met en suspension des cellules provenant de disques 
20 blastodermiques d'oeufs fccondes dans un milieu dc culture pour 

cellules aviaires comprcnant en outre au moins un compose choisi 
parmi les cytokines, les facteurs de croissancc dcs fibroblastes, les 
facteurs de croissance analogue de 1'insuline, les facteurs de croissance 
des cellules souchcs, et dans lequel Pacidc rctinoique est 
25 substantiellement inactive, 

b) on ensemence un tapis de cellules nourricieres ou une boite de culture 
gelatinee avec la suspension obtenuc a Tissue de l'etape a), 

c) on met les cellules a incuber pendant une duree determinee, 

d) les cellules en culture som prelevees et purifiees afin de recuperer des 
30 cellules ES d'oiseau. 

De preference, entrc les ctapes c) et d) on effectue une ou plusieurs 
additions echelonnees dans le temps, de milieu ncuf identique a celui 
utilise dans Petape a). 
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Dans un de ses modes de mise en oeuvre, au cours de Petape c), on 
effectue un reensemencement du milieu par une suspension de cellules 
identique k la suspension preparee k Petape a). 

Le milieu de l'etape a) contient de preference les elements suivants: 
5 b-FGF, a-SCF, IGF-1, LIF, IL-11, IL-6 et anticorps anti-acide retinoYque. 
Selon Tun des aspects de Pinvention, il contient en outre les composes 
suivants : 

. Serum foetal de bovin 
10 . Serum de poulet - 
. Conalbumine 

. Acides amines non essentiels 
• Pyruvate de sodium 
. Stock de nucleosides 
15 . Hepes(lM) 

. p-mercapto6thanol 
. Penicilline 
. Streptomycine 
. Gentamycine 

20 

avec le stock de nucleosidcs.constitue du melange : 

adenosine, guanosine, cytidine, uridine et thymidine en solution aqueuse. 

De maniere facultative, au cours du procede selon 1'invention, on 
effectue entre les etapes c) et d) Paddition de milieu neuf au 3eme jour 
25 puis le milieu est change tous les jours jusqu'au prochain repiquage. 

L'etape d) peut notamment etre effectuee par traitement 
enzymatique, lavage dans un milieu ne contenant pas de facteur de 
croissance et centrifugation. 

On peut recueillir directement les cultures primaires de cellules, qui 
30 seront ensuite congelees, ou bien realiser des cultures secondaires 
successives a partir des cellules de la culture primaire. Dans ce cas, a 
Tissue de Petape d), on effectue une etape e) dans laquellc, les cellules ES 
sont reensemencees sur un tapis de cellules nourricieres. ou sur boites 
gelatinees, de maniere a obtenir une culture secondaire. 



35 
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Les etapes d) et e) peuvent etre repetees plusieurs fois pour avoir 
des cultures tertiaires et successives. 

Le tapis de cellules nourricieres peut etre constitue de differents 
types de cellules decrits precedemment, notamment de cellules STO 
5 mitomycinees ou irradtees. 

Un autre des objets de Tinvention est une culture de cellules ES 
d'oiseau, ou des cellules ES aviaires, susceptibles d'etre obtenues par le 
procede defini ci-dessus. Unc cellule embryonnaire totipotente aviaire 
modifiee peut etre obtenue par integration du gene codant pour une 

10 proteine heterologue dans le genome d'une cellule ES aviaire en culture. 

Enfin, un procede dc production d'unc proteine recombinante, 
caracterise en ce qu'on integre le gene codant pour ladite proteine dans le 
genome d'une cellule embryonnaire totipotente aviaire en culture est 
egalement compris dans 1 'invention. 

15 La Demanderesse a mis au point un milieu de culture et des 

conditions dc culture in vitro permettant de maintenir en culture des 
cellules d'oiseau qui presentent des proprietes morphologiques, cinetiques 
et histochimiqucs rappclani celles des cellules embryonnaires 
totipotentes. Ces observations oni etc effectuecs aussi bien avec des 

20 cellules derivant de disques blastodermiques de caillc que de poulet. La 
crdissance de ces cellules en culture in vitro est renduc possible par la 
mise au point d'un milieu original specialement adapte a la culture dc 
cellules embryonnaires d'oiseau. On sait que la presence, le maintien et la 
propagation de cellules totipotentes en culture permettent leur injection 

25 dans des embryons reccveurs. La contribution a la morphogenese des 
tissus somatiques et germinaux chez les animaux recc\ eurs grace a un 
caractere totipotent, peut conduire a Tobtention d'animaux transgeniques. 

Les exemples qui suivent sont destines a illustrer Tinvention sans 
aucunement en limiter la portec. Dans ces exemples, on se refercra aux 

30 figures suivantes : 

Figure 1: Effet des combinaisons dc facteurs 

- blastodermes de caillc, 0,75 bl/ml 

- fond de gelatine 
35 - culture de 3 j 
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Figure 2: effet de l'anticorps anti-acide retinoique (ARMA) 

- blastodermes de caille, 0,75 bl/ml 

- fond avec ou sans gelatine 

- culture de 4 j 

Figure 3: comparaison de differentes cytokines 

- blastodermes de caille, 2 bl/ml 

- fond avec gelatine 

- culture de 2 + 3 j 

Figure 4: Comparaison d'un ensemencement sur gelatine et sur tapis de 
cellules traitees a la mitomycine C en presence de differentes cytokines 
appartenant toutes a la meme famille. 



15 4A: - blastodermes de caille, 1 + 1,5 bl/ml 

- fond avec gelatine 

- culture de 3 + 4 j 

4B: - blastodermes de caille, 1 + 1,5 bl/ml 
20 - fond avec cellules STO 

- culture de 3 +.4 j 



Figure 5: Activite phosphatase alcaline ct reconnaissance par ECMA-7 

- blastodermes de caille, 1,5 bl/ml 
25 - fond avec cellules STO 

- culture de 2 + 3 j 

Figure 6: Activite phosphatase alcaline et reconnaissance par NC-1 

- blastodermes de caille, 1,5 bl/ml 
30 - fond avec cellules STO 

- culture de 2 + 3 j 

Figure 7 : Animaux chimercs obtenus par injection in ovo dans des 
embryons de cellules maintenues en culture. Cellules injectees apres 8 ou 
35 10 jours de culture. 
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Materiel et methodes 

Preparation des cellules 

Les oeufs de poules fraichement pondus, non ineubes, 
5 correspondent au stade X de developpement (Eyal Giladi and Kovak, 1976) ; 
les oeufs de caille " C. coturnix japonica" sont egalement utilises des la 
ponte et non ineubes. 

Le disque blastodermique (3-4 mm de diametre pour la poule, 2-2,5 
mm pour la caille) est preleve a Paide d'une pipette pasteur dans du milieu 
10 complet sans facteurs. Les cellules sont centrifugees a 200 g, lavees deux 
fois dans du milieu afin d'eliminer le maximum de vitellus contaminant, 
resuspendues a raison de 2 disques pour 1 ml de milieu et dissociees 
mecaniquement par passage dans une aiguille de 23 G. Les facteurs sont 
alors ajoutes. 
15 La suspension ccllulaire est deposec: 

- soit sur boites ou puits (Costar) prealablement gelatines (0,2 % 
gelatine, 1 hat" ambiante), 

- soit sur un tapis de cellules STO prealablement traitees a la 
mitomycine C (90 min, 37°c, 5 ng/ml) ct re-cnscmcncecs a raison dc 105 

20 cellules / cm 2, 

- soit sur un tapis dc cellules Isolde prealablement traitees a la 
mitomycine C (90 min, 37 c, 5 ng/ml) et re-cnsemmencccs a raison dc 105 
cellules / cm 



Milieu de culture STO : 



final 



DMEM 

Serum foetal Bovin 10% 
30 Penicilline lOOU/ml 

Streptomycine 100^g/ml 
L-GIutaminc 2 mM 
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Milieu de culture Isolde : 

final 

DMEM 

5 Serum foetal Bovin 8 % 

Serum de poulet 2 % 

Penicilline 100 U/ml 

Streptomycine 100 ng/ml 

G418 100 jig/ml 
10 Hygromycine 50fig/ml . 

Phleomycine 50 ng/ml 

TBP (bouillon tryptose phosphate) 10% 



Les drogues de selection sont ajoutees en entretien mais enlevees 
15 deux jours avant le traitement a la mitomycine C. 

Dans tous les cas, un second ensemencement est realise dans les 
memes conditions apres deux jours dc culture. 

Cultures 

20 Les cultures sont incubees a 37 °C ou a 41° C, dans une atmosphere 

controlee en C0 2 (7,5 %) ct leur evolution esi suivic au microscope en 

contraste de phase. Une addition panielle (50 %) dc milieu neuf avec les 

facteurs est rcalisec le 3 6mc jour dc culture, puis le milieu est change tous 

les jours. A chaquc moment, les cellules en croissancc pcuvent etre soil 
25 fixees pour etude, soil prelevces pour etre re-ensemencees en culture 

secondaire ou superieure, sur tapis de cellules STO mitomycinecs irradiees 

ou sur boites gelatinees. 

En cas de fixation, les cellules sont lavees en Tris-Glucosc deux fois, 

puis fixees in situ 15 min dans une solution de paraformaldehyde 4 % a 
30 froid (0-4 °C). Apres plusicurs lavages au PBS, differentes colorations 

peuvent etre realisees selon Tun des protocoles suivants : 
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* detection de l'activite phosphatase alcaline endogene, 

tampon de reaction: NaCl 100 mM 

TrisHClpH9.5 100 mM 

MgCl 2 5mM 

NBT 1 mg/ml 

BCrP O.lm/ml 
H 2 0 

(temps de lecture, de 5 a 30 min, 37°c) 

** detection de l'activite de R-galactosidase exogene 

tampon de reaction: Ferricyanurc de K 5 mM 

Fcrrocyanurc de K 5 mM 

MgCl2 5 mM 

X-gal , 1 mg/ml 
PBS 

(temps de lecture, de 1 a Zheurcs , 37°c) 



*** detection par immunocyiochimie dc la presence d'epitopes specifiques 
20 . (reaction a 4 9 c) 

blocage en tampon PBS - BSA (1 mg/ml) 
lavage en PBS - BSA 

anticorps primaire 1/ lO^ou 1/ 50 6mc 

anticorps secondaire fluorescein 1/ SO 6 ™ 

25 la detection est realisee sous microscope inverse a fluorescence. 



Rcpiquagc 

En cas de passage en culture secondaire ou successive, les 
cellules sont lavees en Tris-GIucosc deux fois, puis incubees 10-30 min dans 
30 une solution enzymatique. On peut utiliscr unc solution dc collagenase- 
dispase (1 mg/ml soil 1 U/ml final) a laquelle unc solution de 
hyaluronidase (1 mg/ml final soit 1 U/ml) peut etre ajoutec ; on peut 
egalement utiliscr unc solution dc pronase a 0,25 mg/ml final. Les cellules 
ou les petits amas de cellules ainsi isoles enzyn.atiqucmcnt sont lavees en 
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milieu ESA, resuspendus, deposes sur un coussin de milieu de separation de 
lymphocyte de densite (d= 1,077-1,080) et centrifuges 20 min a t° ambiante 
ii 800 g afin de debarasser les cellules non differenciees de blatodermes des 
cellules du tapis, des debris divers et des restes de vitellus contaminants. 
5 L'interface est alors prelev6e, lavee deux fois en milieu ESA. Le culot 
cellulaire obtenu est resuspendu et dissocie legerement mecaniquement 
avant 'd'etre ensemence sur un nouveau tapis de cellules nourricieres, 
comme precedemment decrit. L'equivalent de 6 disqucs blastodermiques 
initiaux est re-ensemenc6 dans 2 ml. Cette etape de gradient n'est parfois 

10 pas necessaire lors des passages successifs, en fohction de la tres grande 
homogeneite des cultures obtenucs. 

Les cellules dissociees peuvent etre deposees sur un gradient 
multicouche de Pcrcoll et centrifugees dans Ics memes conditions. Les 
interfaces sont alors prelevees, lavees dans un milieu ESA et les cellules les 

15 plus immatures des interfaces supericurcs reensemencees, ou injectees 
dans des embryons recevcurs. 

Congelation 

A Tissue de la culture primaire ou successive, les cellules 
20 recuperees de gradient pcuvcni ctre congelces dans un melange constitue 
dc 40 % FBS, 50 % milieu VSA ct 10 % DMSO. Les cellules equivalant a 24 
blastodisques initiaux sont reprises dans 0,5 ml de milieu ESA, 
resuspenducs et 0,4 ml de serum est ajoutc. 0,1 ml dc DMSO est alors ajoute 
tres lentement. La suspension dc congelation est rcpartic dans des tubes a 
25 congelation (0,5 ml/tube) et congelee lentement a -80 °c avant d'etre 
transferee dans Tazote liquidc. 

Rcsultats 

Un milieu de base appeie milieu "ESA" pour "Embryonic Stem cells 
30 Avian" derivant d'un milieu utilise pour les cellules ES murines a etc 
prepare. II presente la composition suivante : 
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Milieu "ESA": 

final 



5 BHK-21 

Foetal Bovine Serum 10 % 

"Serum de poulet 2 % 

Conalbumine 20 ng/ml 

Acide Amines non esseniiels 1 % 

10 Pyruvate de sodium 1 mM 

Stock de nucleosides 1 % 

Hepes ( 1 Si) 10 mM 

ft-mercaptoethanol 0.2 mM 
Penicilline • 100 U/ml 

15 Streptomycine 100 ng/ml 

Gentamycine 10 ng/ml 



A ce milieu de base "ESA", des facteurs de croissance ont ete ajoutes 
afin de comparer leur contribution respective a la formation de colonies 
20 presentant un caractere morphologique el biochimique interessant. Leurs 
concentrations sont indiqueps ci-apres : 

Additifs: 





stock 


final 


bFGF 


10 ng/ml 


10 ng/ml 


a-SCF 


SN de Cos trans* 


1 % vol/vol 


1GF-1 


10 ng/ml 


20 ng/ml 


LIF 


SN de Cos trans* 


1 % vol/vol 


IL-11 


10 ng/ml 


10 ng/ml 


IL-6 


10 ng/ml 


10 ng/ml 


ARMA 


10 mg/rnl 


1 ng/ml 


OSM 


20 ng/mi 


20 ng/ml 


CNTF 


20 ng/ml 


20 ng/ml 
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stock de nucleosides 



adenosine 


80 mg 


guanosine 


85 mg 


cytidine 


73 mg 


uridine 


73 mg 


thymidine 


24 mg 


H 2 0 


100 ml 



* surnageant de culture de cellules COS-7 transferees en expression 

transitoire avec un vecteur d'expression du cDNA du facteur considere. 
10 , 

Le premier critere utilise pour evaluer I'effet de ces facteurs et des 

modifications apportees au milieu a ete la detection par coloration 

biochimique de Pactivitc phosphatase alcaline endogene qui semblc 

specifique d'un certain nombre de cellules telles que les cellules ES 
15 totipotentes, les cellules precurseurs derivecs de la lignee germinale et 

certaines cellules differenciees, facilement identifiables a leur 

morphologie epithelioide. 

Les cellules des disques blastodermiques sont ensemencees en 

milieu ESA en presence de differentes combinaisons de facteurs. Apres 3 j 
20 de culture, les cellules sont fixees, colorees et les colonics positives pour 

Tactivite phosphatase alcaline (AP+) sont denombrecs. 

L'effet des differentes combinaisons de facteurs est represente sur 

la figure 1. 

25 Conclusion 

Parmi les facteurs testes, la combinaison du SCF (Stem Cell Factor 
d'origine murine -mSCF- ou aviaire -aSCF-), du b-FGF (basic Fibroblast 
Growth Factor) et du LIF (Leukemia Inhibitory Factor) donne le meilleur 
nombre de colonies positives pour Tactivite phosphatase alcaline dans les 

30 cultures avec un accroissemcnt de 2-3 fois par rapport a la presence de 
chaque facteur ajoute individuellement ou deux par deux et par rapport au 
fond, constitue en majorite de cellules faiblement positives et presentant 
une morphologie epithelioide differenciee. 
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II) Effet de Panticorps anti-acide retinoique (ARMA) 

Les cellules sont ensemencees soit sur boites non traitees, soit 
5 traitees a la gelatine dans du milieu ESA complet avec facteurs de 
croissance aSCF (avian Stem Cell Factor), bFGF (basic- Fibroblast Growth 
Factor)", IGF-1 (Insulin-like Growth Factor-1) et LIF (Leukemia Inhibitory 
Factor). L'anticorps ARMA est ajoute a raison de 1 \ig/m\ final. Les cellules 
et colonies positives pour I'activite phosphatase alcaline (AP + ) sont 
10 denombrees apres 4 j de culture. 

Les resultats sont represents sur la figure 2. 

Comparativement aux differents moyens decrits comme l'utilisation 
de resine ou de charbon, et testes pour essayer de controler le niveau 
d'acide retinoique dans le milieu, Taddition de l'anticorps ami acide 
15 retinoique dans le milieu donne les meilleurs resultats quant a la qualite et 
la quantite des colonies presentes dans les cultures 

Conclusion 

L'addition de Tanticorps anti-acide retinoique dans le milieu de 
20 culture accroit de facon noiable la presence el /ou le mainticn des colonies 
a activite phosphatase alcaljne. 

III) Effet des cytokines 

25 Nous avons voulu verifier si le UF ou d'autres cytokines de la meme 

famille pouvait induire la proliferation des cellules ES chez Toiseau. 

Les cellules sont ensemencees en milieu ESA complei avec facteurs 
de croissance aSCF (avian Stem Cell Factor), bFGF (basic* Fibroblast Growth 
Factor), IGF-1 (Insulin-like Growth Factor-1) en presence d'ARMA (1 

30 ng/ml) et apres addition ou non de differcntes cytokines de la meme 
famille LIF (Leukemia Inhibitor}' Factor), IL-11 (Intcrlcukine 11) et 1L-6 
(Interleukine 6). Afin d'accroitre I'adhesion et la formation de colonies 
phosphatase alcaline positives ainsi que leur taillc, un second 
ensemencement a lieu 2 jours apres le premier. La fixation, coloration et 

35 lecture des colonies a eu lieu 3 jours apres le second ensemencement. 
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La comparaison de Teffet des differentes cytokines est representee 
sur la figure 2. 

Conclusion 

5 Le rdle des cytokines UF, 1L-11 et IL-6 semble particulierement 

prononcS et pratiquement equivalent dans l'obtention de colonies 
positives pour l'activite phosphatase alcaline. 

IV) Role d'un tapis de cellules nourricieres 

10 

Chez la souris, la croissance de certaines cellules ES requiert la 
presence d'un tapis dc cellules nourricieres. L'effet de ces cellules sur les 
cellules d'embryons d'oiseau a ete teste 

Les cellules sont ensemencees dans un milieu ESA complet avec 

15 facteurs de croissance aSCF (avian Stem Cell Factor), bFGF (basic- 
Fibroblast Growth Factor), IGF-1 (Insulin-like Growth Factor-1) et 
anticorps ARMA (1 A/g/ml) comparativemcnt soit sur un fond de gelatine 
soil sur un tapis de cellules STO traitees a la mitomycine C comme indique 
dans le paragraphe Materiel et Methodes. Apres trois jours de culture, un 

20 nouvel ensemencement est ajoutc a la culture. Les cytokines CNTF (Ciliary 
Neuro-Trophic Factor), OSI^l (Oncostalin M), LIF (Leukemia Inhibitory- 
Factor), 1L-11 (lnterleukine 11) et IL-6 (Interleukine 6) sont ajoutees dans 
le milieu aux concentrations indiquees precedemment. 

La figure 4A represcnte la croissance de cellules sur gelatine en 

25 presence de differentes cytokines. La figure 4B represcnte la croissance 
de cellules sur un tapis de cellules nourricieres en presence des memes 
cytokines. 

Conclusion 

30 Le nombre de colonics derivant des cellules de blastoderme et 

presentant une activite phophatase alcaline est tres neticmmcnt accru en 
presence d'un tapis dc cellules nourricieres (environ 4-5 fois) avec un 
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maintien entre les deux systemes des meme sensibilit£s vis a vis des 
cytokines ajoutees dans le milieu. Les cytokines LIF, IH1 et 11-6 
presentent les meilleurs resultats de stimulation de croissance. Dans des 
r6sultats pr^liminaires, il apparait de plus que la combinaison de ces 3 
5 cytokines dans le milieu complet ESA avec facteurs produisent des effets 
cumulatifs tres prometteurs quant au maintien et a la proliferation des 
colonies tant avec des cellules derivees de disques blastodermiques de 
caille que de poulet. 

10 V) Caracteristiques immunocvtochimiaues 

Des etudes de reactivate par rapport a differents anticorps ont etq 
realisees. Les anticorps ECMA-7, SSEA-1 et SSEA-3, specifiques d'un etat de 
totipotence des cellules ES murines sont capables de reconnaitre des 

15 epitopes dans les populations de cellules aviaires, maintenues dans les 
cultures. Pour illustrer ces reconnaissances par les anticorps, des doubles 
marquages activite phosphatase alcaline et anticorps demontrent que 
toutes les cellules ou les massifs de cellules reconnues par ECMA-7 
presentent une activite phosphatase alcaline. Cette propriete a ete 

20 observee avec tous les anticorps utilises a des degrcs divers. 

Les colonies dc cellules phosphatase alcaline positives sont pour 
environ 20 % d'entre ellcs marquees par l'anticorps ECMA-7. Cette 
reconnaissance suggere la presence dans ces massifs et dans ces seules 
conditions de culture de cellules a caracterc "ES". Neanmoins, une 

25 heterogeneite dans les massifs phosphatase alcaline positifs suppose des 
degres variables dans l'intensite du caracterc "ES". 

Cette heterogeneite de distribution a etc observee sur des cultures 
primaires. Apres repiquages, la proportion de cellules positives, 
notamment pour ECMA-7, mais egalemcnt pour SSEA-1 et EMA-1, tend a 

30 s^ccroitre de fac;on tres importante pour obtcnir des cultures tres 
homogenes. 

La figure 5 montrc respectivemcnt Pactivite phosphatase alcaline 
et la reconnaissance par Tanticorps ECMA-7 dc colonies de cellules issues 
de la culture de blastodermes de ca?lle en presence de differentes 
35 cytokines. 
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Les anticorps SSEA-1, SSEA-3, egalement utilises sur des cellules ES 
murines reconnaissent Egalement des cellules aviaires dans les massifs 
phosphatase alcaline positifs. 

Les anticorps NC-1 P HNK-1 dirig^s respectivement des epitopes de 
5 cellules de crates neurales et de cellules "human natural killer" 
reconnaissent en fait les memes epitopes et ont ete montres comme 
reconn'aissant certaines cellules immatures du disque blastodermique de 
poulet. Dans notre systeme, ces deux anticorps reconnaissent la encore des 
cellules dans des massifs a activite phosphatase alcaline. 
10 Les resultats avec NC-1 sont represents sur la figure 6. 

Les cellules sont ensemenc^es dans un milieu ESA complet avec 
facteurs de croissance aSCF (avian Stem Cell Factor), bFGF (basic- 
Fibroblast Growth Factor), IGF-1 (Insulin-like Growth Factor-1) et 
anticorps ARMA (1 jig/ml) sur un tapis de cellules STO traitees a la 
15 mitomycine C comme indique dans le paragraphe Materiel et Methodes. 
Apres deux jours de culture, un nouvel ensemencement est ajoute a la 
culture. Les cytokines LIF (Leukemia Inhibitory Factor), IL-11 
(Interleukine 11) et IL-6 (Interleukine 6) sont ajoutees dans le milieu aux 
concentrations indiquees precedemment. La double coloration, activite 
20 phosphatase alcaline ct detection des epitopes par anticorps est realisee 
suivant les protocoles preserves precedemment. 

Par ailleurs, 1'anticorps EMA-1 (Hahncl and Eddy, 1986) initiaicment 
dirige contre des epitopes presents sur les cellules primordiales de la 
lignee germinale murine a etc utilise contre ces memes cellules chcz le 
25 poulet. En testant cet anticorps dans noire systeme de culture, nous 
pouvons demontrer que EMA-1 reconnait des cellules et colonies de 
cellules presentant toutes une activite phosphatase alcaline. II a ete par 
ailleurs verifie que cet anticorps EMA-1 ne reconnaissait les cellules ES 
murines que dans leur etat de totipotence non differenciee. 
30 Les anticorps ont etc testes soil sur des cultures non differenciees 

obtenues telles que decrites dans Materiel ct Methodes soit sur des cultures 
qui ont ete traitees avec un execs d'acidc rctinoique ajoute a la culture 
(10-6 M) pendant au moins 48 heures. Le tableau ci-apres indique Petat de 
reconnaissance par les differents anticorps utilises. 

35 



WO 96/12793 PCT/FR95/01389 

20 



10 



15 









Antirrtrnc tyi r\Y^ a« o I 

rtniicorpo inunoLiunai 


[Non unrerencices 


L/irrerenciees 








bLMA-7 


H < H 










SSEA-3 






TK-Ol 


+++++ 




TBC-02 


+ 


+++ 


TBC-03 


++ 


++ 


EMA-1 


++++ 


+ 


EMA-6 


+++ 


+ 


TROMA-1 




++++ 


NC-1 


++++ 


+ 


HNK-1 


++++ 


+ 



NC-1 et HNK-1 reconnaissent les memes epitopes 

20 SSEA-1 et TEC 01 reconnaissent les memes epitopes 

11 apparait que ['expression de ECMA-7 (Kcmler et al. (1981)) est la 
plus importante, suggcranl une veritable nature de cellules ES, que TEC-01 
(Drabcr et al. (1987)) et SSEA-1 (Solter and Knowlcs (1978)) reconnaissent 
les memes epitopes sur des cellules non differenciees exclusivement. A 

25 Pinverse, 1 'augmentation d'expression de TEC-02 (Draber et al. (1987)) peut 
dans ce sens indiquer un etat de differenciation induit ou spontane. 
L'achevement de cette pcrte de nature ES est caracterisee par la forte 
expression de TROMA-1 (Brulct et al. (1980)), present sur les seules cellules 
differenciees. L'ensemble de ccs anticorps pcrmet done d'avoir une idee 

30 sur 1'etat de differenciation d'une culture. Des anticorps comme TEC-03 
(Drabcr et al. (1987)) apparaisscnt comme rclaiivcmcnl indiffercnts a 
I'etat prononce de differenciation. 
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11 est par ailleurs a souligner que jusqu'a present ni ECMA-7, ni 
SSEA-1, SSEA-3, TEC-01, TEC-02, TEC-03, TROMA-1 n'ont fait 1'objet de 
publication demontrant la reactivite sur des coupes, des cellules ou tout 
materiel d'origine aviaire. 

5 

Conclusion 

' Parmi les anticorps testes, certains comme ECMA-7 (Kemler et aL 

(1981) ), SSEA-1 (Soltcr and Knowles (1978)), SSEA-3 (Shevinsky et al. 

(1982) ) sont caracteristiques des cellules "ES "murines. Ccs anticorps 
10 reconnaissent des cellules done potentiellement totipotentes dans les 

cultures aviaires. Les memes observations ayant et<§ obtenues soit avec des 
cultures de caille soit de poule. D'autres anticorps comme EMA-1 (Hahnel 
and Eddy (1986)), NC-1 et HNK-1 (Obo and Balch (1981)) sont connus pour 
reconnaitre des epitopes aviaires (et murin pour EMA-1) de cellules tres 
15 indifferenciees et done aussi susceptiblcs de reconnaitre un profil de 
cellules souches aviaires. 

VI) Repiquage des cellules 

20 Les cellules de disques blastodcrmiques de caille ou de poulet sont 

ensemencees sur tapis dc cellules nourricicres STO. Aprcs differcnts jours 
de culture, les cellules sont rcpiquecs sur tapis de cellules STO comme 
decrit en Materiel et methodes. La detection dc cellules et massifs positifs a 
la fois pour 1'activite de phosphatase alcaline et pour la colocalisation d'un 

25 marquage par ECMA-7 ou NC-1 suggerc que les conditions de cultures sont 
definies pour maintenir dans les cultures sccondaircs et tertiaires des 
cellules a caractere totipotent. Le processus dc repiquage assure d'ailleurs 
des apr^s le premier passage une homogeneite a Tensemblc de la culture, 
tant morphologiquement, que par la detection des differcnts epitopes. Les 

30 massifs de cellules deviennent tres etendus ci homogenes, caractere accru 
par la grande capacite dc ces cellules a se diviser rapidement, 
contrairement aux cellules differenciees prcscntcs initialement dans la 
culture primaire. Jusqu'a present, ces criteres d'identification et de 
caracterisation peuvent eire utilises et detectes pendant au moins 5 

35 semaines apres Tensemencemcnt. 
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VII) Injection des cellules dans des embryons receveurs 

Les cellules blastodermiques de poulet obtenues en cultures 
primaires ou apres repiquages successifs peuvent etre injectees dans des 
5 embryons receveurs. Afin de visualiser rapidement une contribution 
phenotypique des cellules du donneur dans un embryon de poussin 
receveur, les cellules maintenues en culture proviennent d'une souche 
pigmentee et les embryons receveurs d'une souche non pigmentee. Les 
cellules maintenues en cultures sont dissociees et preparees comme decrit 

10 dans Materiel et Methodes selon le meme procede que pour un repiquage. 
La suspension cellulaire est alors prdparee a raison de 1 a 3 x 105 cellules 
par ml de milieu ESA. L'oeuf fraichement pondu, non incube contenant 
l'embryon reveceur est legerement irradie cntre 5 Gy et 7 Gy. Une petite 
fenetre de quelques mm2 est realisee dans la coquille du receveur par 

15 meulage. La membrane coquilliere est decoupee au scalpel et les cellules 
sont injectees a l'atde d'un capillaire etire dans la cavite subgerminale du 
disque blastodermiquc dans un volume dc 1 a 5 *il, ce qui correspond de 100 
a 1500 cellules au maximum. La moyennc des cellules injectees est de 500 
cellules. La fenetre est alors rccouvertc de membranes coquillicres et 

20 scellee. Un morceau de pansement adhesif est applique pour parfaire 
l'ctancheite et limiicr ap maximum Tcvaporation. Apres 4 jours 
d'incubation dans les conditions optimales, les ocufs sont ouverts et les 
embryons bien developpes sont transfcres dans une coquille plus grande 
et remis en incubation pour finir leur developpement dc facon 

25 satisfaisante. 

Un certain nombre d'animau.x ont ainsi etc obtcnus et montrent un 
taux apparent de chimcrisme, phenotypiqucment detectable par le 
marqueur de plumage utilise et caracteristique de la souche des cellules 
derivant de la souche donneur, variant de 5% a 90%. Ce chimerisme peut 

30 etre obtenu jusqu'a present indifferemment avee des cellules derivant dc 
cultures primaires, secondares, tertiaires. II est a noter que les 
pourccntages d'animaux chimeres et les taux dc chimerisme de ces 
animaux ne varient pas de fagon importante en fonction du temps de 
culture des cellules injectees. Ceci contribue a souligner la capacite du 

35 milieu et du procede decrit a maintenir des cellules avec un caractere 
totipotent. 



WO 96/12793 



PCI7FR95/01389 



23 



Exemple : animal controle non inject^ (Fig. 7A) 

Animal n° 1786-1787 & faible taux de chimerisme (5-10%) 
Animal n° 1782-1783 a taux moyen de chimerisme (50%) 
5 Animal n° 1740-1741 a fort taux de chimerisme (90%) 

Ces animaux sont presentes sur les figures 7B a 7D. 
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REVINDICATIONS 

1. Milieu de culture de cellules embryonnaires totipotentes aviaires 
5 du type comportant un milieu de culture pour cellules aviaires, caracterise 

en ce qu'il comporte des elements complementaires dudit milieu de culture 
pour cellules aviaires, lesdits elements complementaires etant choisis dans 
le groupe comprenant : les cytokines, les facteurs de croissance des 
fibroblastes, les facteurs de croissance analogues de Tinsuline, les facteurs 
10 de croissance des cellules souches, 

et en ce qu'il est substantiellement depourvu d'acide retinoique actif. 

2. Milieu de culture selon la revendication 1, caracterise en ce qu'il 
comprend des anticorps anti-acide retinoique (ARMA). 

3. Milieu de culture scion la revendication 1 ou 2, caracterise en ce 
15 que la cytokine est choisie parmi le LIP, IL-11, IL-6, CNTP, oncostatine M 

(OSM), et leurs melanges. 

4. Milieu de culture selon Tune des revindications 1 a 3, caracterise 
en ce qu'il contient au moins une cytokine choisie dans le groupe 
constitue de UF, IL-11, 1L-6, et leurs differents melanges. 

20 5. Milieu de culture selon Tune des revendications 1 a 4, caracterise 

en ce qu'il contient un faciqur de croissance des fibroblastes qui est le b- 
FGF. 

6. Milieu de culture selon I'une des revendications 1 a 5, caracterise 
en ce qu'il contient un facieur de croissance analogue dc 1'insuline qui est 

25 l'IGF-1. 

7. Milieu de culture scion Tune des revendications 1 a 6, caracterise 
en ce qu'il contient un facteur de croissance des cellules souches choisi 
parmi l'a-SCF et le m-SCF. 

8. Milieu de culture selon Tunc des revendications 1 a 7, caracterise 
30 en ce qu'il comporte un tapis dc cellules nourricicrcs. 



WO 96/12793 PCT/FR95/01389 

9. Milieu de culture selon Tune des revendications 1 a 8, caracterise 
en ce qu'il a la composition suivante : 



BHK-21 

5 Serum foetal de bovin 10% 

Serum de poulet 2% 

Conalbumine 20 ng/ml 

Acides amines non essentiels 1% 

Pyruvate de sodium 1 mM 

10 Stock de nucleosides 1 % 

Hepes (1M) 10 mM 

0-mercaptoethanol 0,2 mM 

Penicilline 100 U/ml 

Streptomycine 1 00 ng/ml 

15 Gentamycine 10 ng/mi 



Additifs : 

Final 



20 bFGF del a 20 ng/ml 

a-SCF de 0,5% a 2% vol/vol 

IGF-1 de5 a 50 ng/ml 

Li F de 1000 a 5000 U/ml dc forme purifice 

1L-6 dc 5 a 50 ng/m! 

25 JL-11 dc 5 a 50 ng/ml 
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avec le stock de nucleosides constitue du melange : 
adenosine 80 mg 
guanosine 85 mg 
cytidine 73 mg 
5 uridine 73 mg 
thymidine 24 mg 
H 2 0 100 ml 

et SN de Cos representant un surnageant de culture de cellules COS-7 
transfectees en expression transitoire avec un vecteur d 'expression du 
10 cDNA du facteur considere. 

10. Procede de culture de cellules embryonnaires totipotentes 
aviaires (ou cellules ES aviaires), caracterise en ce que : 
a) on met en suspension des cellules provenant de disques 
blastodermiques d'oeufs non fecondes dans un milieu de culture pour 
15 cellules aviaires comprenant en outre au moins un compose choisi 

parmi les cytokines, les facteurs de croissance des fibroblastes, les 
facteurs de croissance analogue de l'insuline, les facteurs de croissance 
des cellules souches, et dans lequel l'acide retinoique est 
substantiellement inactive, 
20 b) on ensemencc un tapis de cellules nourricieres avec la suspension 
obtenue a Tissue dc l'etapc a), 

c) on met les cellules a incuber pendant une duree determinec, 

d) les cellules en culture soni prelevees et purifiees afm dc recupercr des 
cellules ES d'oiscau. 

25 11. Procede selon la revendication 10, caracterise en ce qu'entre les 

etapes c) et d), on effectue unc ou plusieurs additions echelonnees dans lc 
temps, de milieu neuf ideniiquc a celui utilise dans Petape a). 

12. Procede selon Tune des revendications 10 ou 11, caracterise en 
ce que le milieu de Tetapc a) contienl les elements suivants : b-FGF, a-SCF, 

30 IGF-1, UF, IL-11, IL-6 ci des anticorps anti-acide retinoique. 
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13. Proc6d6 selon l'une des revendications 10 a 12, caracterise en ce 
que le milieu de 1'etape a) contient en outre les composes suivants : 

. Serum foetal bovin 
5 . Serum de poulet 
. Conalbumine 

. Acide* amines non essentiels 
. Pyruvate de sodium 
. Stock de nucleosides 
10 . Hepes(lM) 

. p-mercaptoethanol 
. Penicilline 
. Streptom}'cine 
. Gentamycine 

15 

avec le stock de nucleosides consiiiue du melange : 

adenosine, guanosine, cytidine, uridine et thymidine en solution aqueuse. 

14. Procede scion Tunc dcs revindications 1 1 a 13. characterise cn cc 
.20 qu'entre les etapes c) ct d), on effectue Paddiiion de milieu neuf au 3eme 

jour, puis tous les jours. 

15. Procede selon Tunc des rcvcndicaiions 10 a 14, caracterisc en ce 
que l'ctape d) est cffcctuec par traitement enzymatique, lavage dans un 
milieu ne contenant pas de facteur dc croissance ct centrifugation. 

25 16. Procede selon Tune des revindications 10 a 15, caracterisc en ce 

qu'a Tissue de 1'etape d), on effectue une ctapc e) dans laquellc, les 
cellules ES sont reensemencees sur un tapis de cellules nourricieres, de 
maniere a obtenir une culture secondaire. 

17. Procede selon la revindication 15, caracterisc en ce que les 

30 etapes d) et e) sont repctees plusieurs fois. 
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18. Procdde selon Tune des revendications 10 a 17, caracterise en ce 
que le tapis de cellules nourriciSres est constitue de cellules STO 
mitomycinees ou irradiees. 

19. Culture in vitro de cellules ES aviaires susceptible d'etre obtenue 
5 par le precede selon Tune des revendications 10 a 18. 

20. Cellule embryonnaire totipotente aviaire modiflee, caract6ris6e 
en ce qu'elle peut etre obtenue par integration du gene codant pour une 
proteine h^terologue dans le genome d'une cellule ES aviaire en culture. 

21. Animal transgenique obtenu, au moins en partie, a partir de 
10 cellule embryonnaire selon la revendication 20. 
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nonexistent, in relation to pathogenic agents of 
domestic birds; 

- the egg constitutes a "tissue" which is very 
dense with respect to a small number of proteins. For 
5 example, the major protein of birds' eggs, ovalbumin, 
represents 54% of the egg white proteins, equivalent to 
. an average dry weight per egg of 2 grams of dry matter 
approximately. It is possible reasonably to conceive of 
producing per egg at least 10% of this mass as 
10 recombinant protein. The economic viability is seen to 
be very great if it* is considered that a hen lays on 
average 2 eggs every three days, and this viability is 
seen to be much greater than that of large mammals if 
the much lower breeding costs of domestic birds are 
15 considered. 

The production of transgenic birds is currently 
possible at an extremely high cost on account of its 
very low efficiency. In effect, in birds, the technique 
of microinjection of DNA into the egg is almost 

2 0 impossible. On the other hand, the use of the vector 

retrovirus system, the only efficient system to date, 
remains complex and will certainly come up against a 
reticence on the part of -industrialists on health 
grounds . 

25 A very great advance in the production of 

transgenic animals has been brought about in mice by 
the development of ES cell technology. 

ES cells (embryonic ^stem cells) are totipotent 
embryonic cells capable of regenerating all the tissues 

30 of the embryo, including the germ tissue, after their 
injection into very early embryos. These cells may 
hence be considered to be Trojan horses for introducing 
new genetic information into an animal's genetic 
constitution.- The possibility of culturing these cells 

3 5 in the long term in vitro affords the possibility of 

exercising numerous controls before their implantation 
in vivo. Moreover, these cells may be stored without 
limit in liquid nitrogen, which constitutes a potential 
for storage of a genetic constitution. 
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The use of ES cells nowadays constitutes the 
most promising approach in domestic birds for the 
efficient production of transgenic animals. 

Recent work from a Canadian group (R. Etches at 
5 the Guelph station) has suggested that ES cells must 
exist in the bird embryo (Petitte et al . , 1990). This 
group at [sic] succeeded in transplanting such cells 
into embryos and consequently producing animals whose 
genetic constitution is derived from that of the 

10 grafted cells. However, to date, it has not been 
possible for success to be achieved in culturing these 
cells in vitro; as a result, it has not been possible 
to use these cells to transfer a transgene in a stable 
manner. This is a major impediment to the exploitation 

15 of ES cell technology in birds. ES cells may be 
characterized by three essential types of criteria: 

- morphology 

- endogenous alkaline phosphatase activity 

- reaction with antibodies which are specific for a 
20 state of totipotency (ECMA-7, SSEA-1 and SSEA-3, in 

particular) . 

To date, it has not been possible to obtain -any 
culture of ES cells which are . identified by these 
collective characteristics . 

25 Accordingly, the subject of the present' 

invention is a culture medium for avian totipotent 
embryonic cells, of the type containing an avian cell 
culture medium, characterized in that it contains 
components supplementary to said avian cell culture 

3 0 medium, said supplementary components being chosen from 
the group comprising: cytokines, fibroblast growth 
factors, insulin-like growth factors and stem cell 
growth factors, 

and in that it is substantially free from active 
35 retinoic acid. 

Advantageously, the retinoic acid is 
substantially inactivated by ant i-retinoic acid 
antibodies (ARMA) present in the medium. 
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In effect, the media employed often contain 
serum, in which the amount of endogenous retinoic acid 
cannot be controlled .. On testing the effect on cell 
differentiation of incorporating in the culture medium 
5 an anti-retinoic acid monoclonal antibody which would 
neutralize the action of retinoic acid, the Applicant 
found that the presence of this antibody increases the 
presence in the cultures of cells and colonies having 
alkaline phosphatase activity. 
10 The cytokine may be chosen, in particular, from 

LIF, IL-li, IL-6, CNTF and oncostatin M (OSM) • 
advantageously, the cytokines present in the culture 
medium described above comprise at least one cytokine 
chosen from the group consisting of LIF, IL-ll, IL-6 
and the various mixtures thereof, which give the best 
results for growth stimulation. 

Preferably, the fibroblast growth factor is 
b-FGF (or basic fibroblast growth factor) and the 
insulin-like growth factor is IFG-1. 
20 The stem c ell growth factor (or SCF) is 

preferably a-SCF (or avian stem cell factor) and m-SCF 
(or murine stem cell factor) . 

One of the preferred aspects of the invention 
relates to a culture medium which contains, besides the 
basic nutrient components necessary for cell growth a 
combination of b-FGF, SCF and LIF. In addition, 'the 
presence in the medium of a monoclonal antibody which 
neutralizes the differentiation activity exerted by 
retinoic acid increases the number of totipotent 
30 embryogenic stem cells. 

The presence of a lawn of feeder cells promotes 
the growth of avian ES cells. Various cell types known' 
to a person skilled in the art may be used; there may 
be mentioned especially cells such as STO cells, 
treated with mitomycin or irradiated, BRL-3A cells, LMH 
cells, QT6 cells and modified QT6 cells such as QT6 
Isolde cells, differentiated cells established as a 
line from cultures of embryonic stem cells induced to 
differentiate. 
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STO cells are mouse embryo fibroblasts (ATCC 
catalogue) ; BRL-3A cells (ATCC catalogue) are liver 
cells from "Buffalo rat liver". QT6 cells (ATCC 
catalogue) and modified QT6 cells such . as QT6 Isolde 
cells are quail fibroblasts (Cosset et al . , 1990, 
J. Virol. 64, 10170-1078) and LMH cells originate from 
chicken liver carcinoma (Kawagucchi et al . , 1987, 
Cancer Res., 47, 4460-4464). 

The culture medium contains, in addition, 
various essential nutrient components and antibiotics. 

A culture medium which is especially suitable 
for the present invention possesses the following 
composition: 



BHK-21 

Fetal bovine serum 10% 

Chicken serum 2% 

Conalbumin 20 ng/ml 

Nonessential amino acids 1% 

Sodium pyruvate 1 mM 

Nucleoside stock 1% 

Hepes (1 M) 10 mM 

p-Mercaptoethanol 0.2 mM 

Penicillin 100 U/ml 

Streptomycin 100 jig/ml 

Gentamicin 10 ng/ml 



Additives: 

Final 

bFGF from 1 to 20 ng/ml 

a-SCF from 0.5% to 2% vol/vol 

IGF-1 from 5 to 50 ng/ml 

LIF from 1000 to 5000 U/ml of purified form, 

approximately equivalent to from 0.1% to 2% 
vol/vol of culture supernatant of transfected 
COS cells 



from 5 to 50 ng/ml (approximately from 0,1% 
to 2% vol/vol of culture supernatant of 
transfected COS cells) 
IL-11 from 5 to 50 ng/ml (approximately from 0 1% 

to 2% vol/vol of culture supernatant of 
transfected COS cells) 

Advantageously, the bFGF . concentration is 
greater than 5 mg/ml and the IGF-1 concentration is 
greater than 10 ng/ml. 

with the nucleoside stock consisting of the mixture: 

adenosine 80 mg 

guanos ine 85 mg 

cytidine 73 mg 

uridine 73 mg 

thymidine 24 mg 

H 2 0 100 ml 

and Cos SN representing a culture supernatant of COS-7 
cells transfected for transient expression with a 
vector for the expression of the cDNA of the factor in 
question, 

and is ■ suitable for the culture of bird totipotent 
embryonic cells. 

BHK21 medium (or MEM medium) is a culture 
medium which has been described, in particular, by 
McPherson, I., and Stoker (1962, Virology 16, 147). 

Hepes is hydroxyethyipiperazineethanesulfonate . 

According to another aspect, the subject of the 
invention is a method of culture of avian totipotent 
embryonic cells (or avian ES cells) , characterized in 
that: 

a) cells originating from blastoderm disks of 
fertilized eggs are suspended in an avian cell 
culture medium comprising, in addition, at least 
one compound chosen from cytokines, fibroblast 
growth factors, insulin-like growth factors- and 
stem cell growth factors, and in which the retinoic 
acid is substantially inactivated, 
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b) a lawn of feeder cells or a gelatin- treated culture 
dish is inoculated with the suspension obtained 
after step a) , 

c) the cells are incubated for a specified period, 

5 d) the cells in culture are removed and purified so as 
to recover bird ES cells. 

Preferably, between steps c) and d) , one or 
more additions of fresh medium identical to the one 
10 used in step a) are performed at intervals of time. 

In one of its embodiments, during step c) , a 
reinoculation of the medium with a cell suspension 
identical to the suspension prepared in step a) is 
perf ormed. 

15 The medium of step a) preferably contains the 

following components: b-FGF, a-SCF, IGF-1, LIF, IL-11, 
IL-6 and anti-retinoic acid antibodies. According to 
one of the aspects of the invention, it contains, in 
addition, the following compounds: 
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Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acids 
Sodium pyruvate 
Nucleoside stock 
Hepes (1 M) 
p-Mercaptoethanol 
Penicillin 
Streptomycin 
Gentamicin 



with the nucleoside stock consisting of the mixture: 
adenosine, guanosine, cytidine, ■ uridine and thymidine 
3 5 in aqueous solution. 

Optionally, during the method of the invention, 
between steps c) and d) , the addition of fresh medium 
is performed on day 3 and the medium is then changed 
every day until the next subculturing. 
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Step d) may be performed, in particular, by 
enzymatic treatment, washing in a medium not containing 
any growth factor and centrif ugation. 

It is possible to collect directly the primary 
5 cell cultures, which will then be frozen, or 
alternatively to produce successive secondary cultures 
from the cells of the primary culture. In this case, 
after step d) , a step e) is performed in which the ES 
cells are reinoculated onto a lawn of feeder cells, or 
10 onto gelatin-treated dishes, so as to obtain a 
secondary culture. 

Steps d) and e) may be repeated several times 
in order to have tertiary and successive cultures. 

The lawn of feeder cells can consist of various 
15 cell types described above, and in particular of 
mitomycin-treated or irradiated STO cells. 

Another of the subjects of the invention is a 
culture of bird ES cells, or avian ES cells, which are 
capable of being obtained by the method defined above. 
20 A modified avian totipotent embryonic cell can be 
obtained by integration of the gene coding for a 
heterologous protein in the genome of an avian ES cell 
in culture. 

Lastly, a method of production of a recombinant 
25 protein, characterized in that the gene coding for said- 
protein is integrated in the genome of an avian 
totipotent embryonic cell in culture, is also included 
in the invention. 

The Applicant has perfected .a culture medium 
3 0 and in vitro culture conditions which make it possible 
to maintain in culture bird cells which possess 
morphological, kinetic and histochemical properties ' 
recalling those of totipotent embryonic cells. These 
observations have been made with cells derived from 
3 5 both quail and chicken blastoderm disks. The growth of 
these cells in culture in vitro is made possible by the 
perfecting of a novel medium especially adapted to the 
culture of bird embryonic cells. The presence, 
maintenance and propagation of totipotent cells in 
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culture are known to permit their injection into 
recipient embryos. The contribution to .the 
morphogenesis of the somatic and germ tissues in the 
recipient animals as a result of a totipotent character 
5 may lead to the obtaining of transgenic animals. 

The examples which follow are intended to 
illustrate the invention without in any way limiting 
its scope. In these examples, reference will be made to 
the following figures: 

- 10 

Figure 1: Effect of the combinations of factors 

- quail blastoderms, 0.75 bl/ml 

- gelatin base 

- 3-d culture 

15 

Figure 2: Effect of anti-retinoic acid antibody (ARMA) 

- quail blastoderms, 0.75 bl/ml 

- base with or without gelatin 

- 4-d culture 

20 

Figure 3: Comparison of different cytokines 

- qu^il blastoderms, 2 bl/ml 

- base with gelatin 

- 2- + 3-d culture 

25 

Figure 4: Comparison of an inoculation onto gelatin and 
onto a lawn of mitomycin C-treated cells in the 
presence of various cytokines all belonging to the same 
family. 

3 0. 

4A: - quail blastoderms, 1+1.5 bl/ml / 

- base with gelatin 

- 3- + 4-d culture 
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4B: 



- quail blastoderms, 1+1.5 bl/ml 

- base with STO cells 

- 3- + 4-d culture 
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Figure 5: Alkaline phosphatase activity and recognition 
by ECMA-7 

- quail blastoderms, 1.5 bl/ml 

- base with STO cells 
•5 - 2- + 3-d culture 

Figure 6: Alkaline phosphatase activity and recognition 
by NC-1 

- quail blastoderms, 1.5 bl/ml 
10 - base with STO cells 

- 2- + 3-d culture 

Figure 7: Chimeric animals obtained by in ovo injection 
into embryos of cells maintained in culture. Cells 
15 injected after 8 or 10 days of culture. 

Materials and, methods 

Preparation of cells 

20 Freshly laid, unincubated hens' eggs correspond 

to stage X of development (Eyal Giladi and Kovak, 
1976) ; W C. coturnix japonica" quails' eggs are also 
used from the time of laying and unincubated. 

The blastoderm disk (3-4 mm in diameter for the 

25 hen, 2-2.5 mm for the quail) is removed using a Pasteur 
pipette in complete medium without factors. The cells 
are centrifuged at 200 g, washed twice in medium in 
order to remove as much # contaminating vitellus as 
possible, resuspended on the basis of 2 disks per ml of 

3 0 medium and dissociated mechanically by passage through 
a 23 G needle. The factors are then added. 
The cell suspension is applied: 

- either to dishes or wells (Costar) pretreated 
with gelatin (0.2% gelatin, 1 h at room t) , 
35 - or to a lawn of STO cells pretreated with 

mitomycin C (90 min, 37°C, 5 pg/ml) and reinoculated on 
the basis of 10 s cells/cm 2 , 
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- or to a lawn of Isolde cells pretreated with 
mitomycin C (90 min, 37°C, 5 jig/ml) and reinoculated on 
the basis of 10 5 cells/cm 2 . 

5 STQ culture medium : 

final 

DMEM 

10 Fetal bovine serum 10% 

Penicillin 100 U/ml 

Streptomycin 100 |xg/ml 

L-Glutamine 2 mM 

is Isolde culture medium: 

final 

. DMEM 

2 0 Fetal bovine serum 8% 

Chicken serum 2% 

Penicillin 100 U/ml 

Streptomycin 100 ^g/ml 

G418 100 jig/ml 

2 5 Hygromycin 50 fxg/ml 

Phleomycin 50 jig/ml 

TBP (tryptose phosphate broth) 10% 



3 0 The selection drugs are added for maintenance 

but removed two days before treatment with mitomycin C. 

In all cases, a second inoculation is carried 
out under the same conditions after two days of 
culture . 
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Cultures 

The cultures are incubated at 37°C or at 4l°C 
in a controlled C0 2 (7.5%) atmosphere, and their 
progress is monitored with a phase contrast microscope. 
5 A partial addition (50%) of fresh medium with the 
factors is carried out on day 3 of culture, and the 
medium is then changed every day. At each timepoint, 
the growing cells may be either fixed for study, or 
removed and reinoculated for secondary or higher 
10 culture onto a lawn of irradiated mitomycin-treated STO 
cells or onto gelatin- treated dishes. 

In the case of fixation, the cells are washed 
twice in Tris-glucose and then fixed in situ for 15 min 
in 4% paraformaldehyde solution in the cold state 
15 (0-4°C) . After several washes with PBS, various stains 
may be applied according to one of the following 
protocols : 

'detection of endogenous alkaline phosphatase activity 
20 reaction buffer: NaCl 100 mM 

Tris-HCl pH 9.5-100 mM 
MgCl 2 5 mM 

NBT 1 mg/ml 

BCIP 0.1 m/ml [sic] 

25 H 2 0 

(reading time from 5 to 30 min, 37°C) 



detection of exogenous p-galactosidase activity 

3 0 reaction buffer: K ferricyanide 5 mM 

K ferrocyanide 5 mM 

MgCl 2 5 mM 

X-gal 1 mg/ml 
PBS 

3 5 (reading time from 1 to 2 hours, 37°C) 




""immunocytochemical detection of the presence of 
specific epitopes (reaction at 4°C) 

blocking in PBS buffer-BSA (1 mg/ml). 

washing in PBS-BSA 
5 primary antibody 1/10 or 1/50 

fluorescent secondary antibody 1/50 

detection is carried out under an inverted 
fluorescence microscope. 

10 

Subculturing 

In the case of passage to secondary or 
. successive culture, the cells are washed twice in Tris- 
glucose and then incubated for 10-30 min in an enzyme 

15 solution. It is possible to use a solution of 
collagenase-dispase (1 mg/ml, equivalent to 1 U/rnl 
final) ^to which a solution of hyaluronidase (1 mg/ml 
final, equivalent to 1 U/ml) may be added; it is also 
possible to use a solution of pronase at a final 

20 concentration of 0.25 mg/ml. The cells or small clumps 
of cells thus isolated enzymatically are washed in ESA 
medium, resuspended, placed on a cushion of lymphocyte 
separation medium of density (d = 1.077-1.080) and 
centrifuged for 20 min at room t at 800 g in order to 

25 rid the undifferentiated blatoderm [sic] cells of the 
cells of the lawn, miscellaneous debris and 
contaminating residues of vitellus. The interface is 
then withdrawn and washed twice in ESA medium. The cell 
pellet obtained is resuspended and gently dissociated 

3 0 mechanically before being inoculated onto a fresh lawn 
of feeder cells, as described above-. The equivalent of 
6 initial blastoderm disks is reinoculated in 2 ml. 
Sometimes this gradient step is not necessary during 
successive passages, in accordance with the very great 

3 5 homogeneity of the cultures obtained. 




The dissociated cells may be applied to a 
multilayer Percoll gradient and centrifuged under the 
same conditions. The interfaces are then withdrawn and 
washed in ESA medium, and the most immature cells of 
the upper interfaces reinoculated or injected into 
recipient embryos. 

Freezing 

After- primary or successive culture, the cells 
recovered from the gradient may be frozen in a mixture 
consisting of 40% FBS, 50% ESA medium and 10% DMSO. 
Cells equivalent to 24 initial blastodisks are taken up 
in 0.5 ml of ESA medium and resuspended, and 0.4 ml of 
serum is added. 0.1 ml of DMSO is then added very 
slowly. The suspension for freezing is distributed in 
freezing tubes (0.5 ml/tube) and frozen slowly at -80 °C 
before being, transferred to liquid nitrogen. 

Results 

A basal medium referred to as M ESA" , for 
w embryonic stem cells avian", medium, derived from a 
medium used for murine ES cells, was prepared. It 
possesses the following composition: 

"ESA" medium: 
BHK-21 

Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acid [sic] 
Sodium pyruvate 
Nucleoside stock 
Hepes (1 M) 
p-Mercaptoethanol 
Penicillin 
Streptomycin 
Gentamicin 



final 

10% 
2% 

20 ng/ml 
1% 

1 mM 
1% 

10 mM 
0.2 mM 
100 U/ml 
100 ng/ml 
10 ng/ml 
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To this U ESA" basal medium, growth factors were 
added in order to compare their respective contribution 
to the formation of colonies displaying a morphological 
and biochemical character of interest. Their 
concentrations are shown below: 



Additives 



bFGF 

a-SCF 

IGF-1 

LIF 

IL-11 

IL-6 

ARMA 

OSM 

CNTF 



stock 
10 fig/ml 
trans Cos SN* 
10 (ig/ml 
trans Cos SN* 
10 fig/ml 
10 jig/ml 
10 mg/ml 
20 ng/ml 
20 (ig/ml 



final 
10 ng/ml 
1% vol/vol 
20 ng/ml 
1% vol/vol 
10 ng/ml 
10 ng/ml 
1 fig/ml 
20 ng/ml 
20 ng/ml 



nucleoside stock 



adenosine 80 mg 

guanos ine 8 5 mg 

cytidine 73 mg 

uridine 73 mg 

thymidine 24 mg 

H 2 0 100 ml 
culture supernatant of COS- 7 cells transfected for 

transient expression with a vector for the expression 

of the cDNA of the factor in question. 

The first criterion used to evaluate the effect 
of these factors and of the modifications made to the 
medium was the detection by biochemical staining of the 
endogenous alkaline phosphatase activity, which seems 
to be specific for a number of cells such as totipotent 
ES cells, precursor cells derived from the germ line 
and certain differentiated cells which can be readily 
identified with their epithelioid morphology. 
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Blastoderm disk cells are inoculated in ESA 
medium in the presence of various combinations of 
factors. After 3 d of culture, the cells are fixed and 
stained and the colonies which are positive for 
alkaline phosphatase activity (AP+) are counted. 

The effect of the various combinations of 
factors is depicted in Figure 1. 

Conclusion 

Among the factors tested, the combination of 
SCF (stem cell factor of murine - mSCF - or avian - 
aSCF - origin) , b-FGF (basic fibroblast growth factor) 
and LIF (leukemia inhibitory factor) gives the best 
number of colonies which are positive for alkaline 
15 phosphatase activity in the cultures, with a 2- to 
3 -fold increase relative to the presence of each factor 
added individually or in pairs and relative to the 
baseline level, consisting predominantly of weakly 
positive cells displaying a differentiated epithelioid 
20 morphology. 

ID Effect of anti-retinoic acid antibody (ARMA) 
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The cells are inoculated onto either untreated 
or gelatin-treated dishes in complete ESA medium with 
growth factors aSCF (avian stem cell factor) , bFGF 
(basic fibroblast growth factor), IGF-1 (insulin-like 
growth factor-l) and LIF (leukemia inhibitory factor) . 
The ARMA antibody is added in the proportion of l ug/ml 
3 0 final. The cells and colonies which are positive for 
alkaline phosphatase activity (AP+) are counted after 
4 d of culture. 

The results are depicted in Figure 2. 
In comparison with the various means described, 
3 5 such as the use of resin or of charcoal, and tested in 
an effort to control the level of retinoic acid in the 
medium, the addition of anti-retinoic acid antibody to 
the medium gives the best results as regards the 
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quality and amount of the' colonies present in the 
cultures. 

Conclusion 

5 The addition of' anti-retinoic acid antibody to 

the culture medium significantly increases the. presence 

and/or the maintenance of colonies having alkaline 

phosphatase activity. 

10 III? Effect of cytokines 

We wanted to verify whether LIF or other 
cytokines of the same family could induce the 
proliferation of ES cells in birds. 

15 The cells are inoculated in complete ESA medium 

with growth factors aSCF (avian stem cell factor) , bFGF 
(basic fibroblast growth factor) , IGF-1 (insulin-like 
growth factor-1) in the presence of ARMA (1 jig/ml) and 
after the addition or otherwise of various cytokines of 

20 the same family, LIF (leukemia inhibitory factor) , 
IL-11 (interleukin 11) and IL-6 (interleukin 6) . In 
order to increase the adhesion and formation . of 
alkaline phosphatase-positive colonies, as well as 
their size, a second inoculation takes place 2 days 

25 after the first one. The fixation, staining and reading 
of the colonies took place 3 days after the second 
inoculation. 

The comparison of the effect of the various 
cytokines is depicted in Figure 2 [sic] . 

30 

Conclusion 

The role of the cytokines LIF, IL-11 and IL-6 
seems especially marked and almost equivalent in the 
obtaining of colonies which are . positive for alkaline 
35 phosphatase activity. 
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IV) Role of a lawn of feeder cells 

In mice, the growth of some ES cells requires 
the presence of a lawn of feeder cells. The effect of 
5 these cells on the bird embryo cells was tested. 

The cells are inoculated in complete ESA medium 
with growth factors aSCF (avian stem cell factor) , bFGF 
(basic fibroblast growth factor) , IGF-1 (insulin- like 
growth factor-1) and ARMA antibody (1 ^ig/ml) , 
10 comparatively either onto a gelatin base or. onto a lawn 
of mitomycin C-treated STO cells, as described in the 
Materials and Methods section. After three days of 
culture, a further inoculation is added to the culture. 
The cytokines CNTF (ciliary neurotrophic factor) , OSM 
15 (oncostatin M) , LIF (leukemia inhibitory factor) , IL-11 

(interleukin 11) and IL-6 (interleukin 6) are added to * 
the medium at the concentrations stated above. 

Figure 4A depicts cell growth on gelatin in the 
presence of various cytokines. Figure 4B depicts cell 
20 growth on a lawn of feeder cells in the presence of the 
same cytokines . 

Conclusion 

The number of colonies derived from the 
25 blastoderm cells and displaying alkaline phosphatase 
activity is very markedly increased in ' the presence of 
a lawn of feeder cells (approximately 4- to 5-fold), 
with a maintenance between the two systems of the same 
sensitivities with respect to the cytokines added to 
3 0 the medium. The cytokines LIF, IL-11 and 11-6 [sic] 
afford the best results for growth stimulation. In 
preliminary results, it is apparent, furthermore, that 
the combination of these 3 cytokines in complete ESA 
medium with factors produce [sic] very promising 
3 5 cumulative effects as regards the maintenance and 
proliferation of the colonies, with cells derived both 
from quail and chicken blastoderm disks. 
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V) 
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Studies of reactivity with respect to various 
antibodies were carried out. The antibodies ECMA-7, 
5 SSEA-1 and SSEA-3, which are specific for a state of 
totipotency of murine ES cells, are capable of 
recognizing epitopes in the avian cell populations 
maintained in the cultures. To illustrate these 
recognitions by the antibodies, alkaline phosphatase 
.10 activity and antibody double labelings demonstrate that 
all the cells or clumps of cells recognized by ECMA-7 
display alkaline phosphatase activity. This property 
was observed with all the antibodies used, in varying 
degrees . 

15 Approximately 20% of the colonies of alkaline 

phosphatase-positive cells are labeled with the 
antibody ECMA-7. This recognition suggests the presence 
in these clumps and under these culture conditions 
alone of cells having "ES" character. Nevertheless, a 
heterogeneity in the alkaline phosphatase-positive 
clumps implies variable degrees in the intensity of the 
"ES" character. 

This distribution heterogeneity was observed on 
primary cultures. After subculturing, the proportion of 
positive cells, in particular for ECMA-7 but also for 
SSEA-1 and EMA-1, tends to increase very considerably 
to obtain very homogeneous cultures. 

Figure 5 shows, respectively, the alkaline 
phosphatase activity and the recognition by the 
antibody ECMA-7 of colonies of cells originating from 
the culture of quail blastoderms in the presence of 
various cytokines. 

The antibodies SSEA-1 and SSEA-3, also used on 
murine ES cells, also recognize avian cells in the 
3 5 alkaline phosphatase-positive clumps. 

The antibodies NC-1 and HNK-1, directed, 
respectively, from [sic] the epitopes of neural crest 
cells and of human natural killer cells, recognize, in 
fact, the same epitopes, and have been shown to 
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recognize certain immature cells of the chicken 
blastoderm disk. In our system, these two antibodies 
recognize, here too, cells in clumps having alkaline 
phosphatase activity. 
5 The results with NC-1 are depicted in Figure 6. 

The cells are inoculated in complete ESA medium 
with growth factors aSCF (avian stem cell factor) , bFGF 
(basic fibroblast growth factor), IGF-1 (insulin-like- 
growth factor- 1) and ARMA antibody (1 jig/ml) on a lawn 

10 of mitomycin C- treated STO cells as described in the 
Materials and Methods section. After two days of 
culture, a further inoculation is added to the culture. 
The cytokines LIF (leukemia inhibitory factor) , IL-11 
(interleukin 11) and IL-6 (interleukin 6) are added to 

15 the medium at the concentrations stated above. Double 
staining, alkaline phosphatase activity and detection 
of the epitopes, by antibodies, is carried out according 
to the protocols presented above. 

Moreover, the antibody EMA-1 (Hahnel and Eddy, 

20 1986), initially directed against epitopes present on 
the primordial cells of the murine germ line, was used 
against these same cells in chickens. By testing this 
antibody in our culture system, we can demonstrate that 
EMA-1 recognizes cells and cell colonies all displaying 

25 alkaline phosphatase activity. It was, moreover, 
verified that this, antibody EMA-1 recognizes murine ES 
cells only in their state of undifferentiated 
totipotency. 

a 

The antibodies were tested either on 
3 0 undifferentiated cultures obtained as described in 
Materials and Methods, or on cultures which were 
treated with an excess of retinoic acid added to the 
culture (10~* M) for at least 43 hours. The table below 
indicates the state of recognition by the various 
35 antibodies used. 
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NC-1 and HNK-1 recognize the same epitopes 
SSEA-1 and TEC 01 recognize the same epitopes 

5 

It is apparent that the expression of ECMA-7 
(Kemler et al . (1981)) is the largest, suggesting a 
genuine ES cell nature, and that TEC- 01 {Draber et al . 
(1937)) and SSEA-1 (Solter and Knowles (1978)) 

10 recognize the same epitopes on undifferentiated cells 
exclusively. Conversely, the increase in expression, of 
TEC-02 (Draber et al . (1987)) may, along such lines, 
indicate an induced or spontaneous state of 
differentiation. The completion of this loss of ES 

15 nature is characterized by the strong expression of 
TROMA-1 (Brulet et al . (1980)), present only on the 
differentiated ' cells. Hence this set of antibodies 
enables a picture to be built up regarding the state of 
differentiation of a culture. Antibodies such as TEC-03 

20 (Draber et al . (1987)) are seen to be relatively 
indifferent to the marked state of differentiation. 
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It should, moreover, be stressed that, 
hitherto, neither ECMA-7 nor SSEA-1, SSEA-3, TEC-G1, 
TEC-02, TEC- 0 3 or TROMA-1 have been the subject of a 
publication demonstrating the reactivity, on sections, 
5 cells or any material of avian origin. 

Conclusion 

Among the antibodies tested, some, such as 
ECMA-7 (Kemler et al. (1981)), SSEA-1 (Solter and 

10 Knowles (1978)), SSEA-3 (Shevinsky et al . (1982)), are 
characteristic of murine "ES" cells. These antibodies 
recognize cells which are hence potentially totipotent 
in avian cultures. The same observations having been 
obtained with either quail or hen cultures, [sic] Other 

15 antibodies, such as EMA-1 (Hahnel and Eddy (1986)), 
NC-l and HNK-1 (Obo and Balch (1981)), are known to 
recognize avian epitopes (and murine in the case of 
EMA-1) of highly undifferentiated cells, and are hence 
also capable of recognizing a profile of avian stem 

20 cells. 

VI) Subculturing of the cells 

Quail or chicken blastoderm disk cells are 
25 inoculated onto a lawn of STO feeder cells. After 
various days of culture, the cells are subcultured on a 
lawn of STO cells as described in Materials and 
Methods. The detection of cells and clumps which are 
positive both for alkaline phosphatase activity and for 
30 the colocalization of a labeling by ECMA-7 or NC-l 
suggests that the culture conditions are defined for 
maintaining cells having totipotent character in the 
secondary and tertiary cultures. The process of 
subculturing brings about, moreover, once the first 
3 5 passage has been completed, a homogeneity in the whole 
of the culture, both morphologically and by the 
detection of the various epitopes. The clumps of cells 
become widely spread and homogeneous, a character 
enhanced by the large capacity of these cells to divide 
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rapidly, in contrast to the differentiated cells 
present initially in the primary culture. To date, 
these identification and characterization criteria may 
be used and detected for at least 5 weeks after 
5 inoculation, 

VII) Injection of the cells into recipient embryos 

The chicken blastoderm cells obtained in 

10 primary cultures or after successive subculturings may 
be injected into recipient embryos. In order to 
visualize rapidly a phenotypic contribution of the 
donor's cells in a recipient chick embryo, the cells 
maintained in culture originate from a pigmented strain 

15 and the recipient embryos from a nonpigmented strain. 
The cells maintained in cultures are dissociated and 
prepared as described in Materials and Methods, 
according to the same method as for a subculturing . The. 
cell suspension is then prepared in the proportion of 

20 1 to 3 x 10 s cells per ml of ESA medium. The freshly 
laid, unincubated egg containing the recipient embryo 
is lightly irradiated with between 5 Gy and 7 Gy. A 
small window of a few mm 2 is made in the recipient's 
shell by grinding. The shell membrane is cut open with 

25 a scalpel and the cells are injected using a drawn-out 
capillary into the subgerminal cavity of the blastoderm 
disk in a volume of 1 to 5 (il, which corresponds to 10 0 
to 1,500 cells at most. The average number of cells 
injected is 500 cells. The window is then covered with 

3 0 shell membranes and sealed. A piece of adhesive 
dressing is applied in order to . complete the sealing 
and limit evaporation as far as possible. After 4 days 
of incubation under optimal conditions, the eggs are 
opened and the well -developed embryos are transferred 

3 5 to a larger shell and returned to incubation in order 
to finish their development in a satisfactory manner. 
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A number of animals were obtained in this way 
and show an apparent degree of chimerism, 
phenotypically detectable by the plumage marker used 
and characteristic of the strain of cells derived from 
5 the donor strain, varying from 5% to 90%. This 
chimerism can, until now, be obtained equally well with 
cells derived from primary, secondary or tertiary 
cultures. It should be noted that the percentages of 
chimeric animals and the degrees of chimerism of these 
10 animals do not vary substantially according to the time 
of culture of the injected cells. This further 
emphasizes the capacity of the medium and of the method 
described to maintain cells with a totipotent 
character. 

15 

Example: uninjected control animal (Fig. 7A) 

Animal No. 1786-1787 showing a low degree of chimerism 
(5-10%) 

20 Animal No. 1782-1783 showing a moderate degree of 
chimerism (50%) 

Animal No. 1740-1741 showing a high degree of chimerism 

(90%) 

These animals are presented in Figures 7B 

25 to 7D. 



* 

* 
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PCT/FR95/01389 



CLAIMS 

1. Culture medium for avian totipotent embryonic 
5 cells, of the type containing an avian cell culture 

medium, characterized in that it contains components 
supplementary to said avian cell culture medium, said 
supplementary components being chosen from the group 
comprising: cytokines, fibroblast growth factors, 
10 insulin-like growth factors and stem cell growth 
factors, 

and in that it is substantially free from active 
retinoic acid. 

2. Culture medium according to claim 1, 
15 characterized in that it comprises anti-retinoic acid 

antibodies (ARMA) . 

3. Culture medium according to claim 1 or 2, 
characterized in that the cytokine is chosen from LIF, 
IL-11, IL-6, CNTF, oncostatin M (OSM) and mixtures 

20 thereof. 

4. Culture medium according to one of claims 1 to 

3, characterized in that it contains at least one 
cytokine chosen from the group consisting of LIF, IL- 
11, IL-6, and the various mixtures thereof. 

25 5. Culture medium according to one of claims 1 to 

4, characterized in that it 'contains a fibroblast 
growth factor which, is b-FGF. 

6. Culture medium according to one of claims 1 to 

5, characterized in that it contains an insulin-like 
30 growth factor which is IGF-1. 

7. Culture medium according to one of claims 1 to 

6, characterized in that it contains a stem cell growth 
factor chosen from a-SCF and m-SCF. 

8. Culture medium according . to one of claims 1 to 
3 5 7, characterized in that it contains a lawn of feeder 

cells . 

9. Culture medium according to one of claims 1 to 
8, characterized in that it has the following 
composition: 
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BHK-21 

Fetal bovine serum 10% 

Chicken serum 2% 

Conalbumin 2 0 ng/ml 

Nonessential amino acids 1% 

Sodium pyruvate 1 mM 

Nucleoside stock 1% 

Hepes (1 M) 10 mM 

P-Mercaptoethanol 0.2 mM 

Penicillin 100 U/ml 

Streptomycin 100 ^ig/ml 

Gentamicin 10 ng/ml 



Additives : 



Final 



bFGF from 1 to 2 0 ng/ml 

a-SCF from 0.5% to 2% vol/vol 

IGF-1 from 5 to 50 ng/ml 

LIF from 1000 to 5000 U/ml of purified form 

IL-6 from. 5 to 50 ng/ml 

IL-11 from 5 to 50 ng/ml 



5 with the nucleoside stock consisting of the mixture 
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adenosine 

guanos ine 

cytidine 

uridine 

thymidine 

H 2 0 



80 mg 
85 mg 
73 mg 
73 mg 
24 mg 
100 ml 



and Cos SN representing a culture supernatant of COS-7 
cells transfected for transient expression with a 
15 vector for the expression of the'cDNA of the factor in 
question. 

10 . Method of culture of avian totipotent embryonic 

cells (or avian ES cells), characterized in that: 
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a) cells ■ originating from blastoderm disks of 
unfertilized [sic] eggs are suspended in an avian 
cell culture medium comprising,, in addition, . at 
least one compound chosen from cytokines, 

5 fibroblast growth factors, insulin-like growth 

factors and stem cell growth factors, and in which 
the retinoic acid is substantially inactivated, 

b) a lawn of feeder cells is inoculated with the 
suspension obtained after step a) , 

10 c) the cells are incubated for a specified period, 

d) the cells in culture are removed and purified so as 
to recover bird ES cells. 

11. Method according to claim 10, characterized in 
that, between steps c) and d) , one or more additions of 

15 fresh medium identical to the one used in step a) are 
performed at intervals of time. 

12 . Method according to either of claims 10 or 
[sic] 11, characterized in that the medium of step a) 
contains the following components: b-FGF, a-SCF, IGF-1, 

20 LIF, IL-11, IL-6 and anti-retinoic acid antibodies. 

13. Method according to one of claims 10 to 12, 
characterized in that the medium of step a) contains, 
in addition, the following compounds: 
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Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acids 
Sodium pyruvate 
Nucleoside stock 
Hepes (1 M) 
(i-Mercaptoethanol 
Penicillin 
Streptomycin 
Gentamicin 



with the nucleoside stock consisting of the mixture: 
adenosine, guanosine, cytidine, uridine and thymidine 
in aqueous solution. 



I 

1 

n 
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14. Method according to one of claims 11 to 13, 

characterized in that, between steps c) and d) , the 
addition of fresh medium is performed on day 3 ' and then 
every day. 

5 15. Method according to one of claims 10 to 14, 

characterized in that step d) is performed by enzymatic 
treatment, washing in a medium not containing any 
growth factor and centrif ugation . 

16. Method according to one of claims 10 to 15, 
10 characterized in that, after step d) , a step e) is 

performed in which the ES cells are reinoculated onto a 
lawn of feeder cells so as to obtain a secondary 
culture. 

17. Method according to claim 15, characterized in 
15 that the steps d) and e) are repeated several times. 

18. Method according to one of claims 10 to 17, 
characterized in that the lawn of feeder cells consists 
of mitomycin-treated or irradiated STO cells. 

19. In vitro culture of avian ES cells which is 
2 0 capable of being obtained by the method according to 

one of claims 10 to 18 . 

20. Modified avian totipotent embryonic cell, 
characterized in that it can be obtained by integration 
of the gene coding for a heterologous protein in the 

25 genome of an avian ES cell in culture. 

21. Transgenic animal obtained at least partially 
from [lacuna] embryonic cell according to 'claim 20. 
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exposition eM10n POS — «» '°"°„ ing 



BHK-21 

Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acids 
Sodium pyruvate 
Nucleoside stock 
Hepes (i M) 

P-Mercaptoethanol 
Penicillin 

Streptomycin 
Gentamicin 



10% 
2% 

20 ng/ml 
1% 

1 mM 
1% 

10 mM 
0.2 mM 
100 U/ml 
100 ug/ml 
10 ng/ml 



Addi M-»-o |Cf ■ 



Final 



bF GF from 1 tQ 2Q ng/ml 

a-SCF f rom 0 . 5% tQ 2% sN/vQi 

IGF- 1 from 5 to 5Q ng/mi 

- f D r0m 1000 t0 5000 of purified form 

approxzmately equivalent to from 0.1% to 2% 



.6 



IL-6 from 5 to 50 ng/ml (approximately from o.i% 

to 2% vol/vol of culture supernatant of 

transfected COS cells) 
IL-11 from 5 to 50 ' ng/ml (approximately from 0.1% 

to 2% vol/vol of culture supernatant of 

transfected COS cells) 

Advantageously, the bFGF concentration is 
greater than 5 ng/ml and the IGF-1 concentration is 
greater than 10 ng/ml. 
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The comparison of the effect of the various 
cytokines is depicted in Figure 3. 



Conclusion 

The role of the cytokines LIF, IL-11 and IL-6 ;■ 
seems especially marked and almost equivalent in the 
obtaining of colonies which are positive for alkaline 
phosphatase activity. 



# 
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IV) Role of a lawn of feeder cells 

In mice, the growth of some ES cells requires 
the presence of a lawn of feeder cells. The effect, of 
5 these cells on the bird embryo cells was tested. 

The cells are inoculated in complete ESA medium 
with growth factors aSCF (avian stem cell factor) , bFGF 
(basic fibroblast growth factor) , IGF-1 (insulin-like 
growth factor- 1) and ARMA antibody (1 ng/ml) , 
10 comparatively either onto a gelatin base or onto a lawn 
of mitomycin C- treated STO cells, as described in the 
Materials and Methods section. After three days of 
culture, a further inoculation is added to the culture. 
The cytokines CNTF (ciliary neurotrophic factor) , OSM 
15 (oncostatin M) , LIF (leukemia inhibitory factor) , IL-11 
(interleukin 11) and TL-6 (interleukin 6) are added to 
the medium at the concentrations stated above. 

Figure 4A depicts cell growth on gelatin in the 
presence of various cytokines. Figure 4B depicts cell 
20 growth on a lawn of feeder cells in the presence of the 
same cytokines . 

Conclusion 

The number of colonies derived from the 
2 5 blastoderm cells and displaying alkaline phosphatase 
activity is very markedly increased in the presence of 
a lawn of feeder cells (approximately 4- to 5-fold) , 
with a 
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NC-1 and HNK-1 recognize the same epitopes (Tucker et 
al. 1984) 

5 SSEA-1 and TEC 01 recognize the same epitopes 

It is apparent that the expression of ECMA-7 
(Kemler et al. (1981)) is the largest, suggesting a 
genuine ES cell nature, and that TEC-01 (Draber et al . 

10 (1987b)) and SSEA-1 (Solter and Knowles (1978)) 
recognize the' same epitopes on undifferentiated cells 
exclusively. Conversely, the increase in expression of 
TEC-02 (Draber et al . (1987a)) may, along such lines, 
indicate an induced or 1 " spontaneous state of 

15 differentiation. The completion of this loss of ES 
nature is characterized by the strong expression of 
TROMA-1 (Brulet et al . (1980)), present only on the > 
differentiated cells. Hence this set of antibodies 
enables a picture to be built up regarding the state of 

20 differentiation of a culture. Antibodies such as TEC-03 
(Draber et al. (1987a)) are seen to be relatively 
indifferent to the marked state of differentiation. 
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It should, . moreover, be stressed that, 
hitherto, neither ECMA-7 nor SSEA-1, SSEA-3, TEC-01, 
TEC-02, TEC-03 or TROMA-1 have been the subject of a 
publication demonstrating the reactivity on sections, 
5 cells or any material of .avian origin. 

Conclusion 

Among the antibodies tested, some, such as 
ECMA-7 (Kemler et al . (1981)), SSEA-1 (Solter and 

10 Knowles (1978)), SSEA-3 (Shevinsky et al . (1982)), are 
characteristic of murine w ES " cells. These antibodies 
recognize cells which are hence potentially totipotent 
in avian cultures. The same observations having been 
obtained with either quail or hen cultures, [sic] Other 

15 antibodies, such as EMA-1 (Hahnel and Eddy. (1986)), 
NC-1 and HNK-1 (Obo and Balch (1981)), are known to 
recognize avian epitopes (and murine in the case of 
EMA-1, Urven et al . (1988)) of highly undifferentiated 
cells, and are hence also capable of recognizing a 

20 profile of avian stem cells. 

VI) Subculturing of the cells 

Quail or chicken blastoderm disk cells are 
25 inoculated onto a lawn of STO feeder cells. After 
various days of culture, the cells are subcultured on a 
lawn of STO cells as described in Materials and 
Methods. The detection of cells and clumps which are 
positive both for alkaline phosphatase activity and for 
30 the colocalization of a labeling by ECMA-7 or NC-1 
suggests that the culture conditions are defined for 
maintaining cells having totipotent character in the> 
secondary and tertiary cultures. The process of 
subculturing brings about, moreover, once the first 
3 5 passage has been completed, a homogeneity in the whole 
of the culture, both morphologically and by the 
detection of the various epitopes. The clumps of cells 
become widely spread and homogeneous, a character 
enhanced by the large capacity of these cells to divide 
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rapidly, in contrast to the differentiated cells 
present initially in the primary culture. To date, 
these identification and characterization criteria may 
be used and detected for at least 5 weeks after the 
inoculation . 




/ 

< 
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A number of animals were obtained in this way 
. and show an apparent degree of chimerism, 
phenotypically detectable by the plumage marker used 
and characteristic of the strain of cells derived from 
5 the donor strain, varying from 5% to 90%. This 
chimerism can, until now, be obtained equally well with 
cells derived from primary, secondary or tertiary 
cultures. It should be noted that the percentages of * 
chimeric animals and the degrees of chimerism of these 
10 animals do not vary substantially according to the time 
of culture of the injected cells. This further 
emphasizes the capacity of the medium and of the method 
described to maintain cells with a totipotent 
character . 

15 

Example: uninjected control animal (Fig. 7A) 

Animal No. 1786-1787 showing a low degree of chimerism 
(5-10%) 

20 Animal No. 1782-1783 showing a moderate degree of 
chimerism (50%) 

Animal No. 1740-1741 showing a high degree of chimerism 

(90%) 

These animals are presented in Figures 7B 

25 to 7D. 
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CLAIMS 

1. Culture medium for avian totipotent embryonic 
5 cells, of the type containing an avian cell culture 

medium, characterized in that it contains components 
supplementary to said avian cell culture medium, said 
supplementary components being chosen from the group 
comprising: cytokines, fibroblast growth factors, 
10 insulin- like growth factors and stem cell growth 
factors, 

and in that it is substantially free from active 
retinoic acid. 

2. Culture medium according to claim 1, 
15 characterized in that it comprises anti-retinoic acid 

antibodies (ARMA) . 

3. Culture medium according to claim 1 or 2, 
characterized in that the cytokine is chosen from LIF 
(leukemia inhibitory factor), IL-11 (interleukin-11) , 

20 IL-6 (interleukin-6) , CNTF (ciliary neurotrophic 
factor), oncostatin M (OSM) and mixtures thereof. 
4 . Culture medium according to one of claims 1 to 

3 , characterized in that it contains at least one 
cytokine chosen from the group consisting of LIF, IL- 

25 11, IL-6, and the various mixtures thereof. 

5. Culture medium according to one of claims 1 to 

4, characterized in that it contains a fibroblast 
growth factor which is b-FGF (basic fibroblast growth 
factor) . 

.30 6. Culture medium according to one of claims 1 to 

5, characterized in that it contains an insulin-like 
growth factor which is IGF-1 (insulin-like growth' 
factor-1) . 

7. Culture medium according to one of claims 1 to 

3 5 6, characterized in that it contains a stem cell growth 
factor chosen from a-SCF (avian stem cell factor) and 
m-SCF (murine stem cell factor) . 
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8- Culture medium according to one of claims 1 to 

7, characterized in that it contains a lawn of feeder 
cells. 

9- Culture medium according to one of claims 1 to 

8, characterized in that it has the following 
composition: 



BHK-21 

Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acids 
Sodium pyruvate 
Nucleoside stock 
Hepes (1 M) 
P-Mercaptoethanol 
Penicillin 
Streptomycin 
Gentamicin 



10% (vol/vol) 
2% (vol /vol) 
20 ng/ml 
1% (vol /vol) 
1 mM 

1% (vol /vol) 
10 mM 
0.2 mM 
100 U/ml 
100 ug/ml 
10 ng/ml 



10 



Additi vpg • 



Final 
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bFGF 

a-SCF 

IGF-1 

LIF 

IL-6 

IL-11 



from 1 to 20 ng/ml 

from 0.5% to 2% vol COS SN/vol 

from 5 to 50 ng/ml 

from 1000 to 5000 U/ml of purified form 
from 5 to 50 ng/ml* 
from 5 to 50 ng/ml 



with the nucleoside stock consisting of the mixture 



adenosine 
guanosine 
cytidine 
uridine 

thymidine 
H 2 0 



80 mg 
85 mg 
73 mg 
73 mg 
24 mg 
100 ml 
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and Cos SN representing a culture supernatant of COS -7 
cells transfected for transient expression with a 
vector for the expression of the cDNA of the factor in 
question . 

5 10 . Method of culture of avian totipotent embryonic 

cells (or avian ES cells), characterized in that: 

a) cells originating from blastoderm disks of 
fertilized eggs are suspended in an avian cell 
culture medium comprising, in addition, at least 

10 one compound chosen from cytokines, fibroblast 

growth factors, insulin-like growth factors and 
stem cell growth factors, and in which the retinoic 
acid is substantially inactivated, 

b) a lawn of feeder cells is inoculated with the 
15 suspension obtained after step a) , 

c) the cells are incubated for a specified period, 

d) the cells in culture are removed and purified so as 
to recover bird ES cells. 

11. Method according to claim 10, characterized in 
20 that, between steps c) and d) , one or more additions of 

fresh medium identical to the one used in step a) are 
performed at intervals of time. 

12 . Method according to either of claims 10 or 
[sic] 11, characterized in that the medium of step a) 

25 contains the following components: b-FGF, a-SCF, IGF-1, 
LIF, IL-11, IL-6 and anti-retinoic acid antibodies. 

13. Method according to one of claims 10 to 12, 
characterized in that the medium of step a) contains, 
in addition, the following compounds: 
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Fetal bovine serum 
Chicken serum 
Conalbumin 

Nonessential amino acids 
Sodium pyruvate 
Nucleoside stock 
Hepes (1M) 
(3-Mercaptoethanol 
Penicillin 




. Streptomycin 
. Gentamicin 

with the nucleoside stock consisting of the mixture: 
adenosine, guanosine, cytidine, uridine and thymidine 
in aqueous solution. 

14. Method according, to one of claims 11 to 13, 
characterized in that, between steps c) and d) , the 
addition of fresh medium is performed on day 3 and then 
every day. 

15. Method according to one of claims 10 to 14, 
characterized in that step d) is performed by enzymatic 
treatment, washing in a medium not containing any 
growth factor and centrifugation. 

IS. Method according to one of claims 10 to 15, 

characterized in that, after step d) , a step e) is 
performed in which the ES cells are reinoculated onto a 
lawn of feeder cells, in the presence of medium 
according to claim 1, so as to obtain a secondary 
culture. 

17. Method according to claim 16, characterized in 
that the steps d) and e) are repeated several times. 

18. Method according to one of claims 10 to 17," 
characterized in that the lawn of feeder cells consists 
of mitomycin-treated or irradiated STO cells. 

19. In vitro culture of avian ES cells . which is 
capable of being obtained by the method according to 
one of claims 10 to 18. 

20. Modified avian totipotent embryonic cell, 
characterized in that it can be obtained by integration 
of the gene coding for a heterologous protein . in the ; ' 
genome of an avian ES cell in culture. 

21. Transgenic animal obtained at least partially 
from [lacuna] embryonic cell according to claim 20. 



